and C. albicans. Among the fourteen new complexes synthesized, complex Cu(L 4)2 (7) containing a direct aromatic moiety in the ligand (HL 7) was found to be most active against selected test microorganisms.
Introduction
Schiff bases are an important class of nitrogen-donor ligands, pioneered by Hugo Schiff (1834-1915) with the discovery of them in 1864.
1 From the coordination chemistry perspective, hydrazone-type Schiff bases are multidentate ligands, i.e. they have multiple coordinating sites. For example, acylhydrazone Schiff base complexes are extensively investigated in the form of coordination polymers. 2 Analytical chemistry also uses these kinds of compounds as metal-chelating agents. 3 The keto-enol tautomerism is important for forming complexes with usual and unusual properties due to different donation properties and adopting unusual coordination numbers.
time, 4-nitrobenzoylhydrazone as the precursor to the ligand to have a tetradentate fashion without using the aforementioned pyridine or hydroxy moieties. To investigate the relationship between the structure of the metal complex and the biological activity it possesses, we have used aliphatic and aromatic substituted 4-nitrobenzoylhydrazone ligands. The present work intends to describe new candidates of this class, and this work reports the synthesis and spectral characterization (including 1 H and 13 C NMR, FT-IR, UV-Vis and ESI-MS analyses) of seven hydrazone-based Schiff base ligands (HL n ; n = 1-7) and their Cu(II) and Ni(II) metal complexes 1-14 [in the form of Cu(L n ) 2 and Ni(L n ) 2 ; n = [1] [2] [3] [4] [5] [6] [7] , along with an overview of their biological activities against eight well-known microorganisms in the presence of several antibiotics.
Results and discussion
The ligands were synthesized by condensation of 4-nitrobenzoylhydrazide with several aliphatic and aromatic aldehydes (Scheme 1). The reaction of these ligands with metal salts in a 1:2 metal:ligand molar ratio in methanol yielded four coordinate complexes M(L n ) 2 (M = Cu(II), Ni(II); n = 1-7) (Scheme 2) and in the complexes, the ligands are enolized and deprotonated during complexation (Scheme 1). 28, 29 The presence of the nitro group in the hydrazone is crucial; instead of 4-NO 2 -benzoylhydrazones, we have also attempted to synthesize 4-Hbenzoylhydrazones. A quick comparison yields the observation that if there is an electron-withdrawing NO 2 group in the aromatic ring, the Cu complexes are formed instantly whereas the Ni complexes require 1 h to complete. The analytical data and physical properties of the ligands and coordination compounds are listed in (Table 1) .
These values indicated that all synthesized complexes are nonelectrolytes.
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Our attempts to obtain single crystals of the compounds failed, so we had to characterize our ligands and their respective metal complexes with FT-IR, UV-Vis, 1 H and 13 C NMR, ESI-MS, molar conductance, and elemental analyses. The spectral data suggest that all complexes are formed as depicted in Scheme 2 and all assumptions are correct. 
Elemental analysis
The elemental analysis data of the synthesized ligands and their complexes are given in Table 1 . The data show the formation of metal complexes in a 1:2 (M:L) molar ratio. We found that the elemental analysis of the ligands and their complexes were in agreement with the found values.
FT-IR spectra
Infrared spectroscopy is a very advantageous technique for shedding light on the structure of synthesized ligands and their complexes, and the enolization and subsequent bonding to the metal center has been successfully proven. The FT-IR spectra of the metal hydrazone complexes were compared with that of the free hydrazone ligands in the region of 4000-400 cm Table 2 ). The bands due to the ν (N-H) and ν (C=O) vibrations of the free ligands were absent for all the complexes 1-14, thus indicating that enolization and deprotonation had taken place prior to coordination. Table 2 . FT-IR and UV-vis spectral data of hydrazone ligands and their complexes. 
Compound ν(N-H) ν(C=O) ν(C=N) ν(C-O) ν(N-N) ν(M-O) ν(M-N) λ

UV-Vis spectra
The UV-Vis spectra of hydrazone ligands [HL n (n=1-7)] and their complexes (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) were recorded in DMF (10 −5 M) at room temperature ( Table 2 ). The bands observed in the range of 239-308 nm in the spectra of hydrazone ligands are assigned to the intraligand π → π * transitions. After complexation, the bands seen in the range of 294-358 nm can be assigned to the n → π * transition band of the ligand metal charge transfer transitions. 
Mass spectra
The mass spectral studies for the metal complexes were investigated. ESI-(+) mass spectrometry of all complexes indicates that there are M + and M + +2 isotope peaks, which are consistent with the proposed structures ( Table 4) . Examples of mass spectra of Cu(L 6 ) 2 11 and Ni(L 6 ) 2 12 are provided in Figure 4 . 
Antimicrobial results
To investigate the relationships between chemical structure and antimicrobial activity, we have designed and synthesized novel Cu(II) and Ni(II) complexes. The minimum inhibitory concentration (MIC) of the synthesized compounds was determined against bacteria and the yeast C. albicans using a standard broth dilution technique. All the MIC results of the tested compounds are given in Table 5 . According to the results, compounds were able to show inhibition against the selected microorganisms with MIC values of between 39.06 and 625 mg/L.
Among the synthesized compounds, Cu(L 4 ) 2 (7) and Cu(L 7 ) 2 (13) for S. epidermidis and HL 7 and Cu(L 7 ) 2 (13) for E. faecalis were found to be the most active derivatives at MIC values of 39.06 mg/L.
Additionally, for gram-negative rods, the most significant antibacterial activity with MIC value of 312.5 mg/L was found against E. coli. The compounds Ni(L 5 ) 2 (10), Cu(L 7 ) 2 (13), and Ni(L 7 ) 2 (14) showed good antifungal effect against C. albicans at MIC values of 39.06 mg/L. From the results (Table 5) , the metal complexes 7 and 13 for S. epidermidis, 13 for E. coli, and 10, 13, and 14 for C. albicans are found to be more effective than their free ligands under identical experimental conditions. Among the fourteen new complexes synthesized, complex Cu(L 4 ) 2 (7) containing direct aromatic moiety in the ligand (HL 7 ) was found to be most active against various test microorganisms as compared to the other complexes synthesized.
Conclusions
In this study, the synthetic procedure, spectral characterization, and biological activity of seven hydrazone-based Schiff base ligands and their new Cu(II) and Ni(II) complexes are reported. This article reports fourteen new complexes of a previously synthesized 4-nitrobenzoylhydrazide ligand series and spectral characterization results are harmonious with the assumed structures. The novelty of our study is that we used 4-nitrobenzoylhydrazone derivatives as the ligand to have a tetradentate fashion without using extra donor groups from the substituents. In all of those cases, the bonding mode is straightforward, and enolization and subsequent coordination of the ligand are obvious. Ligands and their complexes were tested as new antibacterial and antifungal agents. Among these complexes, Cu(L 4 ) 2 (7) was found to be the most active as compared to other complexes. The syntheses of 4-H-benzoylhydrazide Schiff base complexes are underway, but the first observation about them was that it was harder to synthesize the relevant complexes without a nitro group, which seemingly facilitates the formation of complexes.
Experimental
Materials and methods
All of the reagents were obtained from commercial suppliers unless otherwise stated. The solvents utilized for chromatography were of technical grade and distilled prior to use. Thin layer chromatography (TLC) was carried out on Merck aluminum support plates (silica gel 60 F 254 ). Visualization was achieved under UV light (254 and 330 nm). Column chromatography was performed using Merck 60 silica gel (particle size 0.2-0.063 mm).
1 H NMR spectra were recorded at 500 MHz on a Varian Inova 500 spectrometer. Table 5 .
In vitro antibacterial activity of synthesised ligands and their complexes. Table 5 .
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S. aureus on a Mattson 1000 spectrometer in the 4000-400 cm −1 range, in the form of KBr pellets at room temperature.
The molar conductance of 10 −3 M solutions of the complexes in DMSO was measured at room temperature on a digital WPA CMD 750 conductivity meter. UV-Vis spectra were recorded using a Shimadzu UV-1650 PC spectrophotometer. Melting points were measured with a Büchi Melting Point B-540 apparatus. The elemental analyses were determined on a Thermo Finnigan Flash EA 1112 Series Elemental Analyzer.
Syntheses
Synthesis of hydrazones
The hydrazone ligands HL n (n = 1-7) were prepared as follows: the aldehyde (1.20 equiv., 6.0 mmol) was added to a solution of 4-nitrobenzoylhydrazide (1.0 equiv., 5.0 mmol) in anhydrous N,N-dimethylformamide (20 mL) at room temperature and the mixture was stirred for 18 h at the same temperature as shown in Scheme 1.
Then the reaction mixture was treated with water and extracted with ethyl acetate (3 × 40 mL). The combined organic layers were washed with water (2 × 80 mL) and saturated brine (40 mL) and dried over anhydrous sodium sulfate. Crude hydrazone obtained after removing ethyl acetate in vacuo was purified by flash column chromatography using ethyl acetate and hexane to obtain pure hydrazones.
Synthesis of metal complexes (1-14)
The complexes were synthesized by reacting 5 mL of methanolic solutions of each metal(II) salt (CuSO 4 .5H 2 O or NiCl 2 .6H 2 O; 1 mmol), sodium acetate (2 mmol), and 10 mL of methanolic solutions of the ligand (2 mmol) separately in a 1:2 molar ratio (M:L) in a round-bottomed flask (Scheme 2). The Ni(II) complexes were formed as insoluble precipitates after refluxing the reaction mixture for 1 h, whereas the Cu(II) complexes were precipitated immediately during stirring of the reaction mixture on a magnetic stirrer at room temperature. The resulting precipitates were filtered off, washed several times with ethanol, and dried under vacuum. The purity of the product was determined by TLC and elemental analysis. recommendations. 38, 39 Mueller-Hinton broth for bacteria and RPMI-1640 medium for the yeast strain were used as the test media. Serial twofold dilutions ranging from 5000 mg/L to 4.8 mg/L were prepared in the media. The inoculum was prepared using a 4-6 h broth culture of each bacteria and 24 h culture of yeast strains adjusted to a turbidity equivalent of a 0.5 McFarland standard, diluted in broth media to give a final concentration of 5 × 10 5 cfu/mL for bacteria and 0.5 × 10 3 to 2.5 × 10 3 cfu/mL for yeast in the test tray.
Antimicrobial activity
The trays were covered and placed in plastic bags to prevent evaporation. The trays containing Mueller-Hinton broth were incubated at 35
• C for 18-20 h while the trays containing RPMI-1640 medium were incubated at 35 • C for 46-50 h. The MIC was defined as the lowest concentration of compound giving complete inhibition of visible growth. As a control, antimicrobial effects of the solvents were investigated against test microorganisms. The results were evaluated according to the values of the controls.
